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Abstract 

This research is concerned with the gi^^^stion of v^hather or nu'c teachars 
who lack specialised backgrounds can adapt to and heaona proricierit in 
the technically complex, philosophically sophisticatea LOGO learning 
en\rironment . ExceilL?ut results were obtained and are illust/ated through 
a series of eKamples of Btudent work. The report then gives some hxxez 
observations about the thought styles observed and concludes w^ith 
suggestions for further work. 

The work reportad in this paper was supported by the National Science 

Foundation undeT grant nuinber EC4O70aK and conducted at th^^ Artificial Intelligence 
Laboratory, Massachusetts Institute of Technology, Cainbridge, Massachusetts. 

The vimm and conclusions contained in this paper are those of the author 
and should not b© Interpreted as necessarily represeTiting the official policies 
either eKpreassed or implLed of the National Science Tnundation or the UnLted 
Sc£.tes Government, 



L INTRQD^JCTION 

LOPO Is an exciting new learning envlroninent * developed at MITj which 
draws hQavil)^ on the ideas of coniputer science^ Artificial Intelllg^ance in 
particular, and Piagetian Psvchologj. 

Initially LOGO v^eiMrch v/ds primgrily concerned with 
taachi ng matherfiatics at the elementory school leveK 
A5 the research ^rcgoct iuaL:irGd- tlu emphdSis vj^s 
qradually broadened to include a much wider variety 
of subjects^ such as fnusic^ phyr^ics^ and biology, 
and In addition a much greator aga range (see re- 
ference 2) 



This research then is spacifically concerned with the question of hov^ 
well teachers who have had little or no training in either mathematics or 
CQmputer science adapt to an enviroiiment in which the principal tool is 
the computer and the primary subject matter at least Initially Is mathe- 
matics,* Questions like this one which are concerned with the transfera- 
bility of laboratory resiilts to real world situatfons are especially im- 
portant to LOSO due tQ its extensiVe use of relatively cornplex technology 
and the exfstence of v/idespread aversion to tUzt technoloqy. I believe 
however that the results contained herein and their {mplicatlons for ed- 



* Previous teacher pro^ranis have been conducted by S, Paperts C. Solomonp 
and I, Goldstein on a smaller scale, in the auatmer of 1972, The eKpetiments 
reported herln were conducted in 1973 *- 1974, 
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ucatlofi research o^nd teacher educatl^aii ar:^ f^olowant not only to LOGO but 
to the gen&ra'^ coraunlty of educat'iunel technolngist^, 

n_>^3V£RVIEW OF THE RESEARCH ?LAW kKL THK REST OF THE PAPbR 

The quastlons involvet^ In educating LOGO teachers factor into tm 
mjor areas: 1) What are tho problems invon/ed In teatiijing adult tea'^ltir 
trainees tlit ideis embodied in the current LOGO curriculum (vAich was or- 
Iginially designed wfth childre^i in mfnd)^ and 2) W^nat kinds of problras 
arise v^hsr^ the trainees actudriy becuma teachers thcniselves and ha'^^^e thfjir 
own LOGO students* 

Since these areas Involve fairly complficated issues^ this paper deals 
primarny with question om, QLiestion two wll be examined In detail in 
a fonow-up study using the results of tha current research. 
The rest of the paper is organized as fonowsi 

Section III contains student backgromd and class organ- 
ization InformatiCfi 

Section IV gives an extended series of exaniples of student 
viirk as well as discussions of their relevance to experiinental goals* 

Section V analyzes some of tne problems observed during 
the course of the experiment and makes retoimandatlons for the follow-up 
experiment* 
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in. STUDENT DACKSRQUNU, AND, COURSE ORaAMlZATIOf^ 

The subjects used in the sxperlmerst were volunteers solected from 
both the gMduate and undergrqduatP ranks of Lesley Ccllege,* a local 
teachers coTiege which specializes in elementary education. Approxisna- 
tely thirty subjects were involyed, spread over three different "courses." 

Of those w"ia completed the prDgram, nine mm emp'soved during the 
academic y&ar as full time taachers ^fi local scl.ool systems and additioit- 
ally pursuing graduate work Lesley; three were enroned fu'll time In 
graduate school * and the rest 'mrs full time uridargraduates at Lesley. 

tach course met for a total of 32 hours under a variety of fairly 
loose organizational formats. The initial subject in each course was the 
Turtle Geometry (i.e., mathematics) component of the LOGO curriculum.** 
Roughly one third of the overall time was spent there with the other two 
thirds being divided evenly between a survey of other components of the 
LOGO environment (e.g., MUSIC. JUGGLING, PHYSICS) and individual projects. 



* In conjunction with Dr. Mark Splkell. 

** For more information about Turtle eeometry or other parts of the LOGO 
curriculuni see "The LOGO Primer" (Reference 1) 
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IV. THE STUDENT PRQjECTS 

A DjgrgS5 ion Abo ut LOGO P hilosQphy 

A i though the word LOGO ha^ been used both as the administrative name 
of a particulf^r research group at MIT as well as the name of the program- 
fning language developed by that groups LOGO is most essentially an educa- 
tion philosQDhy_. One of th^ ultimate alms of that philosophy is the de- 
velopment of both a physical environment and a set of ideas which vmen 
used properly will ariow the creation of trul y Independent iiit ellectual 
aoents . 

It is iniportant to note the difference batween this difficult 
goal and the usual sort of educatianal goals (in classrooms where con- 
formity appears to be the watchword ) when trying to understand what LOGO 
is all about. This is particularly Important when trying to evaluate a LOGO 

student*! progress in aeneral of the specific examples which follow. 
Another important aspect of LOGO philosophy which Is 
also v/orth noting for future reference at^ 'Wii-f^^int is 
the concept of a powerful idea . To quote Papert^ "the 
first powerful idea is the idea of a powerful 
idea*" When thinking about things in general and 
'Mntel lectual ■* problems in particular^ some 
ideas are for more important ^ occur far more fre- 
quently^ have greater effect^ 1,6.^ are more 
powerful than others. The computer science nQtions 
of "debugging" and "naming*- are further eKamples 
of powerful ideas* These Ideas are cornerstones 
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of th-i LOGO educaf;1onal philosophy. They are 
mentioned here as bn'ef indications of thf^ 
eDistemoloqlcal and cornputational nsnpcts of th^ 
pr'esent experiment. The ideas are discussed at 
length in references 1-5, 
Back to ti iQ_Students 

As Tnentioned before the first part of each course was devoted to the 
basics of getting the computer to do things and to some of the staiidafd 
LOGO sequences. The latter portions of each class were used to allow 
each student to chose, design, and Implement a project completely of his 
or her own choosing. These projects are eKcellent niustrations of the 
kinds of aci:ivities which might be envisioned as components of a LOGO 
teacher training curriculum as well as the Intellectual development of 
each student. 

The Turtle Qui ded Tour 

Perhaps the most novel and cental nly the most ambitious project in- 
niated was a collective effort aimed at developing a LOGO system demon- 
strv. ion prograni. Like most busy installations LOGO has numerous visi- 
tor requests for group tours, etc. The visitors are usually given a 
somtjwhat standardized movie and tour sequence by a LOGO staff member. 
The participants in this project (six of them altogether) planned to go 
one step better. The turtle would be prograinned to give the tour. 

The tasks were divided up by the students according to Individual 
interests. They decided that the script should begin with a loud musi- 
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cal fanfare played on the LOfiO music box. 

The LOGO music box is a device which under- 
stands commands of the form '•play this note 

^5 for this duration Examples of 

a fanfare program and a drum cadence program 
are given below. For details and further 
examples see 'The LOGO Primer-' (ReferencG 1). 



TO FANFARE TO CADENCE 

10 PLAY [6 6 6 12 6 12] [2 2 2 4 2 B] 10 BOOM 2 
20 PLAY 20 SSH 2 

END 30 CADENCE 

END 

After the fanfare the touchsensor turtle marches forward (under pro- 
gram control) in step with a music box drum cadence until it triggers a 
specially rigged movie projector* 

When the movie^ which Itself is essentially an introductory lecture 
about LOGOj is over, another LOGO device^ the voice synthesizen under 
program control vocally directs attention to various other devices. The 
student designed programs which control these devices are activated at 
the correct time by internal counter loops so that the whole sequence of 
events ,1s completely under program control. The following list gives an 
indication of the kinds of tour events the students planned for* The 
list is obviously richly open-ended. 



8 



-7- 



1. Dancing Turtles 




(See Page 8) 

IV. Conversational Program 

V. Animated Cartoon Movies 



THE TURTLE GUIDED TOUR 



O O- 
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Animation Projects 

The single most popular area for student projects proved to be the 
construction of drawings and/or animated cartoons for the CRT display de- 
vice* Prooects in this area have the dual advantages of excellent motiva- 
tion^ sincG they are almost antirely student generated^ as well as non- 
trivial complexitys since even fairly simple figures frequently require a 
good deal of planning analysiSs program control structure^ and debugging 
work. 

Dale's Light Show 

Several of the display pro! acts exhibited a notable degree of both 
artistic and computational sophistication* The previously mentioned 
POLY/SPIRAL/ INSPI Light Show is a good example* 

POLY is a very popular LOGO program which 
draws a remarkable variety of geometric fi- 
gures, SPIRAL and INSPI are slight varia- 
tions of POLY which produce suprislngly dif- 
ferent behavior. The programs and some of 
the figures they draw are illustrated 1n 
figures 1 and 2, 
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TO POLY .SIDE : ANGLE 

10 FD :SIDE 
20 RT I ANGLE 




SPIRAL 10 5 10 
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FIGURE 2 INSPI 

TO INSPI :SIDE : ANGLE :INC 
10 FD :SIDE 
20 RT lANGLE 

30 INSPI :SIDE :ANGLE+ iINC 
END 

POLY and friends are interesting progranis in their om right and Dalei^ 
the project designer, had a great deal of fun exploring their behavior in 
Turtle Geometry portion of her class* She also liked display animations so 
when it came time to pick a project she decided to produce a "light show" 
consisting of figures drawn by POLY, SPIRAL and INSPI. 

Normally these programs utilize the infinitely recursive control struc- 
ture Illustrated by line 30 of the POLY pragram. Each time line 30 is 
executed, POLY '-calls itself* and hence starts all over again. So in its 
current form the program will never stop and hence cannot easili be used 
as a subcomponent of a larger process* 

Dale had as her basic plan the idea of using a sequence of POLY figures 
intermixed with a sequence of SPIRAL figures ^ along with other random 
"eKplosion-like" happenings. Hence her first task was to modify the control 
structure of each program so she could stop it after a specified number of 
repititions by means of a counter. 
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TO POLY :SIOE : ANGLE :N 

10 IF :N * 0 STOP 
20 FD iSIDE 
30 RT WANGLE 

40 POLY ;SIDE : ANGLE :N-1 



Hence the command POLY 100 90 4 draws: 



but POLY 100 90 3 draws: 



Then she designed superproceduras In which she systematicany varied 
the inputs to each program, activated each procedure at the proper time 
and cleartd the df splay serein after each activation. One variation on 
this theme is illustrated below. Obviously many others are possible. 



END 
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TO LIGHTSHOW :SIDE :ANGLE ;INC :IN 

10 POLY :SIDE : ANGLE 'N 

20 mil 1 

30 CLEARSCREEN 

40 MAKE ANGLE : ANGLE + 10 

50 SPIRAL :SiaE+ :INC :ANGLE ^NC :N 

60 WAIT 1 

70 WIPECLEAM 

80 CONTROL :SIDE :ANGLE tINC :N 
END 



A final touch was to put the display screen Into WRAP mode which al- 
lows lines which "run off" the usual display area boundaHes to reappear 
on the "other side" (frequently In surprising ways). 

The results beggar the printed page. Geometric patterns come splra- 
llng out towards you Intertnixed with strobe-like flashes of polygons squlg- 
gles and stars. It was a remarkably beautiful blend of matheniatlcal and 
artistic Inspiration, yet it was conipletely Dale's own creation. 



More Display Projacts 

Figure 3 gives some further examplas of display projacts* The piDt 
is simple In mch case (in Strutter the bird simply walks aeross the screent 
in FLOWER MOVIE a petal falls to the ground, in SEAWEED a tnulti jointed 
line waves back and forth). Yet the progrartimiiig jobs were non-trivlali 
especially for beginners and the results were pleasing due to the motion 
Involved. 

Figure 3 ANIflATED DISPLAY MOVIES 

STRUTTER 




The Movie effect Is achieved by alternately displaying "'snapshots which 
contain different leg positions while at the same time moving the rest of th 
body forward. 
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The actual programs used to generate the STRUTTER movie along with a 
brief explanation; of each routine are given below as an Illustration of 
the amount of Intel! ectual activity involved In creating simple animations 
Remember , most of these people had never even seen a computer before the 
experiment, much less progranmed one. 



TO STRUTTER 
5 CREATESNAPSl 
E CLEARSCREEN 

7 CREATESNAPS2 

8 CLEARSCREEN 

10 DISPLAY ; SPARROW L 
20 WAIT 30 

30 U^PECLEAN 
40 PENUP 

50 FORWARD 28 
60 PEHDOWN 
90 UIPECLEAN 

31 PENUP 

92 LEFT 98 

93 FORWARD 90 

34 RIGHT 38 

35 PENDOWN 
100 GO 10 
END 



TO CREATESNAPSl 
10 BIRD 
15 ORIENTl 

20 1 PCS 

25 PGNUP HOME PEMDOUN 
30 MAKE SPARROIJI SNAP 
END 



TO HEAD 
10 ARC 5 
END 



3 175 



TO ARC : SIDE : ANGLE s LENGTH 

10 nAKE COUNT 8 

20 FORUARD iSIDE 

30 RIGHT iANQLE 

40 nAKE COUNT t LENGTH STOP 

Sa.GO 20 

ENO 



STRUTTED is the top-level or 
master proctdurt for the movie. 
The aubprocidurBs CREATESNAPl 
and CREATESNAPS2 are used to 
bring Into existence and name 
tha tHO alternate bird pofli- 
the animation consists of. 
This sec ft on of the program 
causes one of the previous I u 
created snapahots (SPARROMl) 
to be diaplayeci, asKs the 
coniputor to wait for anhile 
so the picture can actually 
bs seen and then erases the 
screen and moyBS into 
poai tion for the next 
snapshot. 

The same actions are repeatBd 
for snapshot 2 (SPARR0U2) 

CREATESNAPl is usotJ to contr&l 
ths original creation of the 
lit an 1 mat ion tr anie, SPARROUl. 
It is made up of ca 1 1 s to 
BIflD, LEGS plus some interface 
code. Bird executes further 
rails to HEAD, BEAK, TUflflY, 
TAIL (aome.of ijhich are not 
shown) to do the actual 
drawing. . 

HEAD, for eximple is simply 
a call to the ARC subproce- 
dure with the experimentally 
determlngd inputs B, 3, and 
175. 

ARC is the fami liar POLY 
procedure modified to atop 
after a specified number of 
steps. 1 1 1 8 the basic 
buHdl ng block for TUflMY 
mi HEAD. 
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One of the essential attributes of a powerful Idea Is that It must 
be useful in a wide yariet^ of contexts. In LOGO we have tried to em- 
phasue this point by deliberately seeking out really different conteKts 
1n which to try out notions like debugging, subprocedurlzatlons etc. 

An example of such a context Is the general area of physical skni 
acquisition. A subset of this areas which consists of "circus arts" like 
juggling, stiltwalking, and various other balancing tricks, is especiany 
interesting because the skills appear to be so viry complicated and mys- 
terious when done well. These skills appeap to be consldsrably removed 
from rnathematical sorts of things, yet can easily be acquired via LOGO 
techniques. 

Juggling, specifically cascade juggling^ is one of our favorite 
examples of a mystlfylngly complex physical skill whicli can be learned by 
virtually everyone in as little as twenty minu tes. 

Most people do not have very good theories 
about how difficult It might be to learn a 
new set of either physical or mental skills. 
Worse yet, if the first few attempts at learn- 
ing the new skill meet with failure, than the 
usual response is to. label it as too diffi- 
cult, or impossible or somet.'ilng which re- 
quired special prerequisites such as "math 
aptitute" or "coordination" Hence, for 
example both juggling and mathematics are 
usually considered to be beyond the reach of 
"ordinary" people, 
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Needless to %ay the teachers were highly skeptical of the proceeding 
assertion but were really intrigued by the possibility that they might 
actually be able to learn to juggle. Of course they all learned quite 
easily and in considerably less than twenty niinutas at that* The inter- 
esting thing to note howeyer was that they became a great deal more willing 
to believe in the notion of powerful ideas (which we had bean talking 
about all along) as well as the LOGO thesis that both mental and physical 
activity 1s deeply computational in nature. Apparently the time scale 
was short enough and the activity compl^r. tnough to make the deeper 
theories seem really plausible for the first time. 



V1ft§in1a*s Cojuplalnt 

The most serious complaint about 
juggling was voiced by one of the older 
teachers (who like LOGO so much she started 
bringing her teenage daughter along). As 
soon as she had learned cascade juggling 
(with three balls)* she had gone home and 
taught her son who was now angry at her 
because she dtdn*t know how to do four 
balls at once. Unfortunately I did not 
know how to either at the time. 



VIRGINIANS COMPLAINT 




EKLC 
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Harvey the Clown 

Another desirable pedagogical characteristic of juggling is that it 
is an eKceedlngly rich area 1n the sense that learning the first step opens 
the doorway to many new and Interesting problems. Harvey was our best 
example of this. As soon as he learned cascade Juggling he, completely on 
his own, started working on various trick openings and stunts like tos- 
sing behind his back, under his leg, etc. Endless other variations are 
possible. For an excellent book on the subject see The Juggling Book, by 
Carlo. 

20 
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Bea's Simulation 

Juggling also providad the basis for noe of the more spontaneous 
creations 1n the expenment. Bea, who was very quiets had been having 
trouble choosing a project. She really liked the Juggling session though, 
so at her very next console session she was found programming the following 
juggling simulation (using incidently the very best of planning^ debugging^ 
, , . thought styles) 

The only advice she had in the entire project was the suggestion that the 
simulation did not necessarily have to use the exact sequence of events 
real juggling requires. 




IV. OBSERVATIONS AND ANALYSIS OF RESULTS 



It should ba abundantly clear by now that the basic answer to the 
first quastlon posid by the experinient , "How well do the teachers absorb 
existing LOGO curriculuni?) 1s *'very well Indetd," The teachers not 
only learned the specific materials presentadt but were ablt to apply this 
knowledge in particularly creative ways to completely new problens. 

It Is Interesting to speculate on why the same material works equally 
well for both children and adults, (It should be noted that there are 
some differences but qualitatively the results are the same). One pos- 
sible explanation is that the LOGO environment has really begun to get 
at the roots of intellectual processes ^ and these processes are basically 
the same for both children and adults (Plaget notwithstanding). 

Some comnents about the previously mintioned differences are In order* 
In most cases the adults prograss more rapidly than children usually do^ 
and were also more likely to remember and profit from previous mistakes* 
However, they were equally likely to write long "linear" programs Instead 
of breaking the problems into r^dularlied subproblems and they had equal 
difficulty with the mechanics of the editing and filing systems* The obser- 
vation that the adults were able to proceed more rapidly is probably due to 
the fact that they have many more experiences to relate new ideas to. 
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The adults frequently* knew what they wanttd to do but were missing 
the appropriate progratml ng concept or LOGO primitive. Variablizatlon was 
the most frequent illustration of this point. The adults frequently knew 
what variables were and furthermore that they needed one for the current 
problems but didn't know how to express it In LOGO progranming syntax. 
Children on the other hand often apparently need to be given a set of ex- 
periences so as to provide a framework for the interpretation of the task 
at hand. 

The adults were less willing in general to try new ideas and approaches 
than children usually are. They were perhaps even Inhibited by their pre- 
vious educational experiences. They frequently raised objections to new 
suggestions or Ideas of the form, "But wont the kids be frustrated by 
(say, the keyboard) or ." I" f«t It has been our experience 

that kids don't have any such problems i only the adults. Kids just Jump 
right in. 

In terms of choosing projects* display animations proved to be the 
most popular area, music and touchsensor turtle projects were tied for 
second, and Turtle Geometry proved to be least popular despite (or per- 
haps because of) the amount of emphasis it received. This suggests that, 
as might be expected, adults tend to choose project areas which allow them 
to use previous experiences to fullest advantage. 



Tha most comfnon complaint voiced by the teachers 
was that the course was not long enough to really 
get into things. Thirty two hours Is not enough 
time even for a good Introduction, The extra time 
is needed not so much for the prograntning experience 
per ses but rather to practice the philosophy exten- 
sively. It is the hardest part to appreciate fully 
yet it is the most Important, For example^ a ran- 
dom survey showed that the notion of powerful Ideas 
had not really caught on yet. The Ideas which did 
appear to go across somewhat were 

a) debugging 

b) naming 

c) subprocedurizatlon. 

Although occasionally It became clear that these 
Ideas were in somewhat presolid stages ^ It Is Inter- 
esting to note that the teachers were much better at 
using the Ideas (as evidenced by their projects) 
than they were at verbalizing about them. 

It appears to be a general property of techno'^ogy that the more com- 
plicated the technologyi the longer it takes to get up to critical mass 
and become functionally independent In that environment. For the present 
research this meant that as the number of students got large. It became 
increasingly difficult to answer questions^ find bugsp etc,, rapidly 
enough to keep the rest of the class from being hung up on trivial de- 
tails. This problem has not been vary important In the past due to the 
nearly one to one teacher/ pupil ratios Involved. It becomes Increasingly 
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Important as more realistic ratios (say i to 20) are approached. 

V, CONCLUSIONS AND RECOMHENDATIONS FOR FUTURE WORK 

One of the best things about learning something new is the fact that 
you can then teach someone else what you Just learned. For most people 
that is a real ego trip* This feature of learning is particularly promi- 
nent in the LOGO environment. Graduate students , post docs,, staff mem' 
bers and children alike all seem to have a great deal of fun designing 
subsystems, devices^ etc. (which they just got through T«arn1ng about 
themselves) for the use of "other" students. 

This seems to be almost a defining character- 
istic of good teachers* One teacher having 
just learned about juggling and physical skills 
such as stilt^walklng and BONGO BOARD balancing, 
had her janitor build stilts for her 4th graders 
the very next day (and reported enthusiastic 
success) « « 

Almost all of the teachers imnedlately petitioned to bring their own 
groups of kinds in for some LOGO classes. One specialist who worked with 
emotionally disturbed kids, planned to see how well some of her more 
serious cases did in the Turtle environment. All in all the enthusiasm 
present at the end of the 32 hour courses suggests that there should be 
little or no trouble arranging a follow-up eKperiment whenever time and 
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faciiities allow. 

The Intended format for Investigating question two, "How wall do 
the trainees transmit their acquired knowledge?", is Inltlallv oriented 
towards small pupil to teacher ratios. The plan Is to take one or two 
graduates of the 32 hours course and give them at most two studartts of 
their own and observe them closely as they guide the students through a 
specific sequence of given topics. This arrangement 1s then repaated as 
often as necessary until enough data Is obtained. 

Let me conclude this article with the confession that I, like many 
others who have survived an educational instltutlonp once believed that 
much of the chaos that is school today, stems directly from the "intel- 
lectual inadequacies" of the teachers employed therein. Happily this 
proved to be a thoroughly misguided notion. Teachers are not dmh l 
Rather they like so often has been the case even in scientific endeavors, 
have been laboring very diligently to find answers to the wrong questions 
(supplied, of course, by their leaders). Given the right preparation^ i.e 
the right set of questions^ most teachers are capable of truly eKcitlngg 
creative intellectual activity. 
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